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Abstract

Fluid-solid fluidized bed reactors may be classified by various types according to kinds of contacting
of solids by fluid, operating conditions, the dynamic behaviour of the solids, or the mode of solid
movement(circulation). The fluid-solid fluidized system which belong to the first(kinds of contacting
of solids by fluid) divide into two categories, so-called “an aggregative fluidized bed, or a bubbling
fluidized bed” and “a particulate fluidized bed, or a homogeneously fluidized bed”. The former is
industrial importance for many gas-solid reactions. Many two-phase reactor models have been
proposed in. an effort to predict chemical conversions in aggregative fluidized beds(or gas-fluidized
beds). In this paper the assumptions underlying these models are considered, and it is showen their
characteristics of some models. In recent years a considerable amount of work has been carried
out on electrodepositions, batteries and preparations of chemicals using electrochemical fluidized bed
reactors(fluidized bed electrode), one of particulate fluidized beds. It is consists of a bed of conduc-
ting particles fluidized by the upward flow of electrolyte through some form of distributor and all
bed-particles act as an electrode. The basic principles of the fluidized bed electrode and their

characteristics are also reviewed here.

HWAHAK KONGHAK Vol.16, No.1, February 1978



14

1. M B

T¥#MoE Fo3 MB—FEBR KE 4
A RBE RERE BEE KES vild #
213 Aol wrl, ESEES 2|3 H (53 B
FHF W& F99 AL, HHEE L HEH
Fetkol k3 e A, ZR =& BH— #fEel s
3 A, KIE il & A (53 BRILEXKE
ol FutH = BHAMLE HBE KERE REE
EES A9 T FAHel ok =Y ARk
o BE, AE3 =9 A9 ofH L, HAKE
BY S = 23 A 5 ER®REL 99
%ol w23 gl

—it {LBRERs A 249 HRKkE 2
A Re s FE8 BB 22 44 A
£ T 3z, 2o wE HEERRHT vlad &)
A, HERE KERS 484 ¥d& uE
7l WEk RES HFEA BRI Kis—E
BERPRESS AE8 dstr) st ofs Y gol 3t
A @eh, 23 E A 200 7 2L 2o
At o, o RS K oF A Ed
B x=34E 7189 St

e G REY IR BERERS &
—EHR ¥uk o e wBE EE 2 B—E
F WEBES EMBIE Aol AFHA s g,
TEHoZ 714 wel AA Hv KBiKHE
R 3 228 588ty 25 2 A F
83 Ao W&& A &9 ofgd MBHETEK
REERR) gt BEAS 4% 2z A gt

2. DH REMSHS X 4

28 1A B vheh Zo] EfKTL B
A wEbE = 7% (particulate fluidization)4®

&} e WEMLS) 7 9 (aggregative fluidization,

bubbling fluidization) 7} ¢lt}. ©] aggregative
fluidization & REKEBET =Ham@Egoezs
el Ak TEMOE s g 2ol A
& Rfuprdhlgelch, dA o] RuKBES AH
H712 g

sjet38 HicR 15 1978 2§

Aggregative
A

- Particulate
Slugging Dilute

k2R , : ,
r:' i
Y Ve

Particulate
Dy Bubbling

Usual gas-solid systems
1

17

Usual liquid-solid systems
I

Fig. 1. Concentrations in fluid-solids systems.
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Fig. 2. Schematic representation of simple (type
I) two-phase models.
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Table 1. Assumptions upon Which Two-Phase Reactor
Models are Based (Bubbling Fluidzed Bed)

Type 1 Models: (Simple two-phase models)

A) Phases chosen: 1. Two phases, bubble phase com-
pletely free of particles

dilute phase including solids but

2. Two phases,

not specifically cloud or wake solids
B) Flow of gas in the bubble phase:

a. Visible bubble flow, Gg, which is assumed to be
gas flow in excess of that required at incipient
fluidization

b. Entire flow of gas.

c. Not specified or measured independently.

C) Back mixing in dense phase:

1. Axial dipersion model: axial dispersion coeffic-
ient, D, obtained from independent gas mixing
studies or kept as a correlating parameter.

Tanks in series model.

Plug flow (D=0)

Perfect mixing(D=o0)

Bl S

Downflow of dense phase gas permitted.
D) Transfer of gas between phases:

a. Transfer rate obtained by independent gas mixing
or mass transfer studies or kept as a correlating
parameter.

b. Transfer or crossflow coefficient calculated on

the basis of chemical reaction data.

¢. Crossflow based on mechanistic expression,

Type I Models: (Bubbling bed models)
A) Phases chosen: 1, 2. as for Type 1.
3. Two phases; a cloud-unit phase which includes

bubbles and their associated clouds(and sometimes
wakes) and an emulsion phase which includes the
remainder of the dense phase.
4. Three “phases”: bubble phase, cloud phase(inclu-
ding bubble wakes), and an emulsion phase as in 3.
5. Three “phases”: bubble phase, upflow dense and
downflow dense phase.
B) Flow of gas in the bubble phase:
a, b, c. as for Type 1.
d. Visible bubble flow plus throughflow.
C) Backmixing in dense phase:
1-5. as for Type 1.
6. Axial dispersion model: D estimated on the basis
of chemical reaction studies.
7. Axial dispersion model: D estimated by means of
a mechanistic model.
D) Transfer of gas between phases:
a-c. as for Type 1.
d. No resistance to transfer across bubble/cloud in-
terface.
e. Transfer across bubble/cloud interface by diffusion
and/or throughflow.
f. No resistance to transfer across cloud/emulsion
boundary.
g. Transfer across cloud/emulsion boundary due to
diffusion.
h. No gas transfer across cloud/emulsion boundary.
i. Transfer across bubble/upflow dense phase by gas-
circulation.
j. Transfer across upflow dense phase/downflow dense
phase
E) Cloud size: D. Davidson
M. Murray or “corrected Murray”
F) Flow within bubble: s. streamline
pm. perfectly mixed
G) Flow wiithin cloud: s. streamline
pm. perfectly mixed
H) Wake: W. included with the cloud
N. ignored or treated as part of overall dense phase.

dojudrtz zbF3 mdoln] ol EM fie
HCl & ¥7] 433t Cl; & 3H& Deacon THE
9] W39l Shell Chlorine TRV KHERR Hit

stepT et AHi16H M1z 1978 23

o]e}, 28] Mireur and Bischoff¥7} dense
phase axial dispersion coeff. 2} crossflow coeff.
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Table 2. Chemical Reactor Models in the
Literature (Bubbling Fluidized Bed)

Type 1 Models

o>
*

B D

Shen and Johnstone (6) 1 a 3 b
1 a 4 b

Mathis and Watson (7) 2 a 3 b
Lewis et al (8) 2 b 3 b
2 b 4 b

May (2) 1 a 1 a
Lanneau (9) 2 c 5 c
Gomezplata and Shuster (10) 1 a 3 b
Van Deemter (3) 1 c 1 a
Mamuro and Mucht (11)* 1 a 2 b
Kobayashi et al (12) 2 a 3 a
2 b 3 a

2 a 4 a
Mireur and Bischoff (5) 1 a 1 a, b
Van Deemter (4)° 1 c 3,5 a
Type 11 Models: A* B C D E F G H
Orcutt et al (13) 1 a 3 e f — pm - N
1 a 4 e f — pm — N

Davidson and Harrison (14) 1 a 3 e, f — pm — N
1 a 4 e, f — pm — N

Rowe (15) 3 a 3 d,h D pm pm w
Rose (16) 3 a 3 e.h D s s N
3 a 3 eh D pm s N

3 a 3 d,h D pm pm w

Partridge and Rowe (17) 3 a 3 d,g M pm pm W
Toor and Calderbank (18)* 1 a 3 e f — pm — N
1 a 4 e, f —_ pm - N

3 a 6 egh D pm s N

3 a 6 egh D pm s N

3 a 6 e, gh D pm pm N

Hovmand and Davidson (19)% 1 a 3 e g — pm — N
Kunii and Levenspiel (20) 4 a,d 5.7 e, g D pm pm W
Kato and Wen (21)* 3 b 2 a,d D pm pm N
Chiba and Kobayashi (22) 3 a 3 b, d M pm pm w
Fryer and Potter (23) 4 a, d 5 eg — pm — N
Gwyn and Parker (24) 5 a 5 ij — pm — N

*etters refer to the categories in Table 1. #slugging beds only. *pubble growth accounted for. ®each phase
divided into an upward and a downward moving region.

W AHERGSE 2x 2UE A3Ad A 9 ANzz 3 Aelw el At B =R
Bhrfol o, o)AV Al ERMEE, cloud E, FEA HKEE
(b) Bubbling Bed Models(Type I, Models o] HRME o BTES s X 1
based on bubble dynamics) oA B wps} o) o muldd A z710}

sANYY mue 99 Bofme Brsme P @) R
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(h) Chiba-Kobayashi Bubble Flow Model®®
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(b) Fleischmann Model?®
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Nomenclature

A cross-sectional area of bed, cm?®

A, superficial geometric area of the dispersed
phase per unit volume of bed in the flui-
dized state, cm™

A, surface area per unit volume of electrode,

em™!

C concentration, mole/cm®

C4 concentration of A, mole/em3

Ca; concentration of A in the interstitial phase,

mole/cm®

C,c concentration of A in bubble plus cloud
phase, mole/cm?®

Cas concentration of A in downflow phase,

mole/cm?®

22r2et H163 H1Z 1978 2§

concentration of A in upflow phase, mole/
cm?

reactant concentration in bubble gas,
mole/cm?

reactant concentration in cloud-wake gas,
mole/cm?

diffusion coefficient, cm?/sec
diffusion coefficient in the interstitial
phase, cm?/sec

diffusion coefficient in bubble plus cloud
phase, cm?/sec

gas diffusion coefficient, cm?/sec

effective bubble diameter, cm

initial bubble diameter, cm

diameter of sphere of same volume as
gas cloud, ¢m

diameter of sphere having the bubble
volume, cm

particle diameter, cm

effectiveness factor,

volume fraction of gas in downflow phase
volume fraction of the solids in downflow
phase

volume fraction of the solids in upflow
phase

volume fraction of wake

dependency of current density on electrode
potential

the Faraday, C/mole

acceleration due to gravity, cm/sec”
distance from distributor, cm

expanded bed height, em

bed height at minimum fluidization, c¢m
A/em?

exchange current density, A/cm?

local current density,

general nomenclature for current flow in
the dispersed phase,

general nomenclature for current flow in
the electrolyte.

generalized first order rate coefficient,

sec™!
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Ny

Nz
Qr

U,y
Ur

Uy

rate coeflicient for the bubble plus cloud
phase, sec™!

rate coefficient for downflow phase, sec™?
rate coefficient for the interstitial phase,
sec™!

rate coefficient of a surface reaction, sec™!
rate coefficient for upflow phase, sec™
charge transfer coefficient

eflective specific conductance of the elec-
trolyte in the fluidized bed,

number of transfer units,

total number of holes in the distributor
number of reaction units in downflow
phase

number of moles of A

number of reaction units in upflow phase
flow rate of cloud gas transfer per unit
volume of cloud space, sec™?

interphase mass transfer coefficient, sec™
gas constant, VC/K mole

Reynolds number

Schmidt number

Sherwood number

absolute temperature °K

average linear velocity of interstitial gas,
cm/sec; Eq.6

average linear velocity of bubble plus
cloud phase, cm/sec; Eq.7
minimum fluidisation velocity, cm/sec;
Eq.12

relative velocity between cloud and inter-
stitial gas, cm/sec; Eq.14

average linear gas velocity in downflow
phase, cm/sec; Eq.16

average linear gas velocity in upflow

phase, em/sec; Eq.17

Superficial fluidizing velocity, cm/sec;
Eq. 20,21

minimum fluidisation velocity, cm/sec;
Eq. 20,21, 23

absolute bubble rising velocity, em/Sec;

25

Eq. 20,21,24
U, superficial fluid velocity (measured on an
empty tube basis) through a bed of solids,
cm/sec; Eq. 25
U,, velocity of a bubble with respect to the
emulsion phase, cm/sec! Eq. 25
Uy  Superficial gas velocity in bubble phase,
cm/sec; Eq.27
U superficial gas velocity, cm/sec; Eq. 29,
30
V' bubble volume, cm?
V. cloud volume, cm?®
V, volume of reactor, ecm®
x axial co-ordinate with origin at the upper
surface of the distributor.
z vertical distance through bed, cm
a electrochemical transfer coefficient
B relative rate of dense gas downflow
d solution—-metal diffusion layer thickness,
cm
€ void fraction, or dense phase voidage
€ny void fraction in a bed at minimum fluidi-
zing conditions,
7 local overpotential, V
gas viscosity, g/cm sec
p gas density, g/cm®
om effective specific resistivity of the discon-
tinuous metal phase, Qcm
os effective specific resistivity of the solution
phase, Qcm
o, nparticle density, g/em®
7 mean residence time, sec
Tm space time for fixed bed, sec
¢n electric potential in the dispersed phase,
v
¢, electric potential in the electrolyte phase,
v
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